ABSTRACT. This report is designed to assist the pediatrician in caring for the child in whom the diagnosis of Turner syndrome has been confirmed by karyotyping. The report is meant to serve as a supplement to the American Academy of Pediatrics' "Recommendations for Preventive Pediatric Care" and emphasizes the importance of continuity of care and the need to avoid its fragmentation by ensuring a medical home for every girl with Turner syndrome. The pediatrician's first contact with a child with Turner syndrome may occur during infancy or childhood. This report also discusses interactions with expectant parents who have been given the prenatal diagnosis of Turner syndrome and have been referred for advice.
INTRODUCTION
T urner syndrome, as used in this report, refers to a condition characterized by short stature and ovarian dysgenesis in females who have a single X chromosome and absence of all or part of the second sex chromosome (X or Y). Nonchromosomal gonadal dysgenesis is excluded. The birth prevalence of Turner syndrome has been estimated to be from 1 in 2000 to 1 in 5000 female live births. Approximately 1% to 2% of all conceptuses have a 45,X chromosome constitution. The majority (99%) of these spontaneously abort, usually during the first trimester of pregnancy. With the more frequent use of ultrasonography, it is recognized that some pregnancies with a fetal 45,X chromosome constitution progressing into the second trimester are associated with nuchal cysts, severe lymphedema, or hydrops fetalis. These pregnancies are associated with a high frequency of fetal death.
PHENOTYPE
Pediatricians are most familiar with the clinical findings that prompt the diagnosis of Turner syndrome in children, namely, short stature and other features, such as lymphedema, webbed neck, low posterior hairline, and cubitus valgus. A wide range of clinical abnormalities, including cardiac and renal anomalies, may be found (Table 1) . Turner syndrome, however, is not always accompanied by distinctive features and most often is not diagnosed in infancy. [1] [2] [3] Later in childhood, Turner syndrome may be suspected primarily because of short stature. Other prominent presenting features in teenage years are delayed puberty and delayed menarche, and in adult women, anovulation and infertility.
Growth in children with Turner syndrome is characterized by a slight intrauterine growth restriction, slow growth during infancy and childhood, and lack of a pubertal growth spurt. 1, 2, 4, 5 Because of delayed epiphyseal closure, small gains in height may occur even after 20 years of age. Average height is rarely achieved, except in girls with mosaicism (the presence in an individual of 2 or more chromosomally different cell lines, both originating from the same zygote) or those whose parents are of above average height. The anticipated adult height is approximately 143 cm and rarely exceeds 150 cm. 6, 7 Although intelligence is normal, individuals with Turner syndrome are at risk of impairments in the cognitive, behavioral, and social domains. These include learning disabilities, particularly with regard to spatial perception, visual-motor integration, mathematics, memory, the ability to formulate goals and plan action sequences to attain them, and attention span. 8 -12 As a result, the nonverbal IQ in persons with Turner syndrome tends to be lower than the verbal IQ. The behavioral abnormalities differ by age. Younger girls may be hyperactive, immature, and anxious, and anxiety, depression, and unsatisfactory peer relationships are more common in older girls. 13 A female with 45,X Turner syndrome may manifest an X-linked recessive disorder, such as hemophilia, because she has only 1 X chromosome. Therefore, when an X-linked disorder is identified in a female, the possibility of Turner syndrome caused by monosomy X (absence of an X chromosome: 45,X) or a structural abnormality of an X chromosome should be considered.
CYTOGENETICS
Most characteristics of Turner syndrome appear to result from haploinsufficiency of specific genes on the X chromosome, although abnormal pairing of the sex chromosomes during meiosis is the major factor in oocyte loss and gonadal dysgenesis. Haploinsufficency refers to the presence in the cell of 1 set of genes rather than the usual 2 sets. In 46,XX female embryos, inactivation of 1 X chromosome, referred to as lyonization, occurs in every somatic cell shortly after fertilization. Some genes involved in Turner syndrome, however, seem to escape inactivation. Thus, the 46,XX female embryo has a functional diploid set of these "pseudoautosomal" genes. These genes also seem to have homologs on the Y chromosome, which accounts for the normal growth and development in XY male embryos. 14, 15 Current evidence indicates that the genes involved in Turner syndrome are mainly located on the short arm of the X chromosome: Xp11.2-p22.1. 16 A distal homeobox gene (SHOX),* located in the pseudoautosomal region of the X chromosome (PAR1), has been shown to contribute to short stature and some of the skeletal abnormalities observed in individuals with Turner syndrome. [17] [18] [19] [20] Haploinsufficency of this gene has been associated with Leri-Weill syndrome, an osteochondrodysplasia characterized by short stature, mesomelic dwarfism, Madelung deformity, and other skeletal abnormalities. 21, 22 Loci contributing to normal ovarian function and fetal viability have been identified on the long arm of the X chromosome. 23 In approximately 80% of girls with 45,X Turner syndrome, the single remaining X chromosome is inherited from the mother, and in 20% of these girls, it is inherited from the father. 24 Imprinting (an alteration in the expression of a gene or a chromosome, depending on whether the genetic material is inherited from the mother or father) does not seem to operate, because the phenotype of an individual with 45,X Turner syndrome does not vary according to the parental origin of the X chromosome. 25 A recent study identified a putative imprinted X-linked gene related to cognitive function, but this has not yet been confirmed. 26 When the diagnosis of Turner syndrome is suspected, the appropriate test for confirmation is chromosome analysis. A wide range of karyotypic abnormalities exists within Turner syndrome. When conventional karyotyping is performed using lymphocyte cultures, about 50% of patients show a 45,X chromosome constitution. Another karyotype found with Turner syndrome is mosaicism of 45,X with other cell lines, such as 46,XX, 46,XY, or 47,XXX. Although mosaicism with a 46,XX line (which is the most frequent mosaicism found with 45,X) tends to result in a subtler phenotype on average, the clinical findings cannot be predicted in an individual case. Structural anomalies of an X chromosome, such as isochromosomes (an abnormal chromosome with equal arms originating from a transverse division of the centromere during cell division, instead of the normal longitudinal division), deletions, rings, or translocations, also may be found in a person with Turner syndrome. Structural X anomalies are often mosaic with 45,X or 46,XX cells.
Mosaicism in individuals with Turner syndrome may be more common than was previously thought. When 2 tissues (lymphocytes and fibroblasts) were examined, approximately 80% of patients with 45,X Turner syndrome were found to have mosaicism. 27 Mosaicism in live-born girls with Turner syndrome is more common than that in fetuses with Turner syndrome, suggesting that a second sex chromosome (or a critical portion of a second sex chromosome) may be necessary for fetal survival and that most, or perhaps all, individuals with Turner syndrome have mosaicism. 24, 27, 28 A Y chromosome is present in 5% to 6% of individuals with Turner syndrome, and an additional 3% have a marker chromosome (a structurally abnormal chromosome that cannot be identified by conventional cytogenetic methods) derived from either the Y or another chromosome. 29, 30 Girls with 45,X Turner syndrome should have an adequate cytogenetic examination for covert Y chromosome mosaicism, including fluorescence in situ hybridization. Routine use of polymerase chain reaction to identify cryptic Y chromosomal material is not recommended. However, when the karyotype shows a marker chromosome of unknown origin, molecular studies using Y chromosome DNA probes may be helpful in the diagnosis. The possibility of Y chromosome mosaicism also should be investigated *The SHOX or short-stature homeobox-containing gene is also known as PHOG or pseudoautosomal homeobox-containing osteogenic gene. 31 When Y chromosome mosaicism is present, there is an increased risk, estimated from 7% to 10%, for developing gonadoblastoma or dysgerminoma in the dysgenetic gonads, and prophylactic gonadectomy is recommended. 32 Buccal smears for X chromatin bodies (Barr bodies) should not be used to screen for or diagnose Turner syndrome. They do not have sufficient sensitivity and specificity, because individuals with mosaicism or a structural X abnormality are often X chromatin positive. Also, a Y chromosome would not be detected in a routine buccal smear that only looks for X chromatin bodies.
MEDICAL TREATMENT
The medical care of children with Turner syndrome requires ongoing assessment and periodic review of specific problems at appropriate ages ( Table  2 ).
Short Stature
Growth hormone (GH) therapy is standard care for a child with Turner syndrome and is usually begun after the child's height falls below the fifth percentile for healthy girls in the same age cohort. More than one half of girls with Turner syndrome will have fallen below the fifth percentile by 2 years of age. For those who experience early growth failure, it appears reasonable to begin GH therapy as early as 2 years of age. A multicenter study of the efficacy and safety of GH initiated at even earlier ages is currently being conducted. Biosynthetic human GH increases the rate of growth in most girls with Turner syndrome without advancing the bone age. Some reports indicate increases in final adult height of 8 to 10 cm if they receive at least 6 years of GH therapy and estrogen production is delayed. 33, 34 Greater height gains have recently been achieved even without delaying estrogen production by initiating GH at an early age and at high doses. 35 
Cardiovascular Abnormalities
The prevalence of cardiovascular abnormalities among patients with Turner syndrome varies in different series between 20% and 40%. 36 -39 It is higher in patients with monosomy X than in those with structural abnormalities of the X chromosome 36, 37 and in girls with a more pronounced clinical phenotype, such as those with congenital lymphedema and webbed neck, than in those with milder clinical manifestations. 40, 41 Cardiovascular abnormalities typically involve the left side of the heart. Bicuspid aortic valve is the most common malformation, followed by coarctation of the aorta. Other less common but still significant cardiovascular defects in individuals with Turner syndrome are mitral valve prolapse, partial anomalous pulmonary venous drainage, and hypoplastic left heart syndrome. Many of these malformations result in an increased susceptibility to endocarditis, and therefore, prophylactic administration of antibiotics before dental or surgical procedures is essential. 42 Aortic root dilatation, present in 3% to 8% of patients with Turner syndrome, may lead to dissecting aneurysm, rupture, and death. Although in most cases aortic dilatation precedes recognized aortic dissection, not all cases end in dissection and not all cases of dissection have antecedent aortic root dilatation. Bicuspid aortic valve, coarctation of the aorta, and systemic hypertension have been identified in approximately 90% of patients with aortic dilatation and dissection. 38, 39, 43 These are the same risk factors that are associated with aortic root dilatation in the general population. However, because of the current lack of knowledge about the natural history of aortic dilatation, additional research will be required to identify the best strategy for timely discovery of the problem. In the absence of natural history data, some authorities would advise aortic arch imaging of such patients by echocardiogram or magnetic resonance imaging (MRI) as frequently as every 3 years. Although most instances of aortic dilatation or dissection in individuals with Turner syndrome have been reported among adults, reports of its occurrence in females 21 years or younger 38, 39 raise the possibility that surveillance imaging of the aortic arch for young patients with Turner syndrome could be valuable.
The observation of cystic medial necrosis in individuals with aortic root dilatation has led some to postulate that the aortic abnormality may be caused by a mesenchymal defect. This contention is supported by the evidence of other connective tissue abnormalities, such as those involving the skeletal and lymphatic systems, in patients with Turner syndrome.
On the basis of these considerations, it is recommended that, as part of the initial evaluation, all patients with Turner syndrome have a baseline cardiology evaluation. This may include an echocardiogram, preferably performed at a center experienced in pediatric cardiology, because data indicate that more than one half of echocardiograms performed in children at facilities mostly devoted to adult studies are technically not adequate for interpretation. 44 The schedule and nature of the cardiology follow-up should be directed by the pediatric cardiologist in concert with the primary care pediatrician and individualized to the patient's needs and the type of defect(s) identified.
Patients with bicuspid aortic valve, aortic stenosis, coarctation of the aorta, or systemic hypertension need close follow-up for aortic dilatation. The cardiologist should decide the periodicity of the evaluations and the method of appraisal (MRI versus echocardiography). Although echocardiography is considered the mainstay of diagnosis, MRI can detect dilatation missed on echocardiography. In addition, MRI should be used when aortic root dilatation is detected to evaluate its severity and provide more precise measurements for follow-up, when findings on echocardiography are equivocal, and when there are technical difficulties because of chest wall configuration or obesity. MRI also can be valuable in assessing the possibility of aortic dissection. [45] [46] [47] [48] In patients in whom the cardiology evaluation during childhood is normal, the primary care pedi- atrician should pay special attention to the cardiovascular examination, including blood pressure, peripheral pulses, and murmurs. Although there are no evidence-based data regarding the need for a follow-up cardiology evaluation, some have proposed a repeat cardiologic examination during adolescence, ideally performed by a pediatric cardiologist, to look for asymptomatic aortic dilatation. 46 Primary care pediatricians and pediatric cardiologists need to be aware of the risk of aortic dissection and educate their patients with Turner syndrome about the signs and symptoms of this complication.
Although there has been reassurance that GH does not cause cardiac hypertrophy in girls without cardiac malformation, 35 there is inadequate information about its use in girls with underlying aortic stenosis, with or without underlying bicuspid aortic valve.
Hypertension
Up to 40% of girls with Turner syndrome have hypertension, 38 and when identified, it should be treated vigorously. Although in most cases hypertension is idiopathic, a careful search for cardiovascular or renal causes should be made.
Hearing Loss
Hearing loss is common in individuals with Turner syndrome. Recurrent otitis media occurs in most girls with Turner syndrome. In addition, a progressive midfrequency sensorineural hearing loss often occurs, which necessitates the use of hearing aids in some children 49 and more than 25% of women by their mid-forties. 50 
Strabismus
The incidence of strabismus is markedly increased in girls with Turner syndrome, developing in about one third between the ages of 6 months and 7 years. 51 Anterior chamber abnormalities are also more common in girls with Turner syndrome than in those without and may present as congenital glaucoma.
Craniofacial Anomalies
If craniofacial anomalies cause concern, consider plastic surgery for the neck, face, or ears before the child enters school or thereafter, as indicated. Some individuals with Turner syndrome have a tendency to form keloids, which must be taken into account when surgery is considered. 45, 52 
Obesity
Because obesity may be a problem in girls with Turner syndrome, diet and exercise for weight control should be discussed. 53, 54 
Glucose Intolerance
Glucose intolerance occurs more frequently in persons with Turner syndrome than in the general population; however, diabetes mellitus seems to be rare. 52, 55 Monitoring of fasting blood glucose concentrations should be considered in girls who are significantly overweight, have a strong family history of type 2 diabetes mellitus, are Hispanic or African American, or have signs of insulin resistance, such as acanthosis nigricans. 56 
Urinary Tract Abnormalities
Approximately one third of patients with Turner syndrome have a structural malformation, most commonly horseshoe kidneys, a double collecting system, or abnormal vascular supply. Although most of these malformations do not have clinical significance, they may result in an increased risk of hypertension, urinary tract infections, or hydronephrosis. 47, 57 
Thyroid Dysfunction and Other Autoimmune Disorders
Autoimmune disorders that appear to be more prevalent in individuals with Turner syndrome than the general population include Hashimoto thyroiditis, celiac disease, inflammatory bowel disease, and juvenile rheumatoid arthritis. Individuals with Turner syndrome are at especially high risk of developing hypothyroidism, but this rarely occurs before 4 years of age. 58 
Orthopedic Problems
Congenital developmental dysplasia of the hip occurs more frequently in girls with Turner syndrome than in the general population. 52, 57 This contributes to the development of arthritis of the hips in older individuals. Girls with Turner syndrome also have an increased risk of scoliosis, kyphosis, and lordosis.
Psychosocial Support
The primary care pediatrician should 1) review the psychologic support available to the child and family to optimize the child's psychosocial adjustment; 2) encourage family support by referral to other individuals with Turner syndrome, parents of children with Turner syndrome, or a Turner syndrome support group; and 3) supply the family with literature on Turner syndrome (see Additional Professional Information and Resources for Parents).
THE PRENATAL VISIT
When a prenatal diagnosis of 45,X Turner syndrome or another karyotype associated with Turner syndrome is detected, counseling is ordinarily provided for the family by a medical geneticist, a pediatric endocrinologist, or another physician with special knowledge of Turner syndrome. Sometimes, because of a previous relationship with the family, the pediatrician may be asked to review the information and to assist the family in decision making.
Turner syndrome may be diagnosed or suspected prenatally because of ultrasonographic evidence of fetal edema or nuchal cystic hygroma. Ultrasonography showing a left-sided cardiac defect, renal anomalies, growth retardation, or relatively short limbs also may suggest Turner syndrome. A Turner syndrome karyotype may be discovered fortuitously when fetal chromosome analysis is performed for reasons not associated with an increased incidence of Turner syndrome, such as advanced maternal age. Karyotyping performed when the results of maternal serum screening with multiple markers (maternal serum ␣-fetoprotein, human chorionic gonadotropin, and unconjugated estriol) project an increased risk for Down syndrome also has detected some fetuses with Turner syndrome. 59 If an abnormality associated with Turner syndrome is diagnosed by ultrasonography or if multiple marker screening is positive, the recommended follow-up is fetal karyotyping using amniotic fluid cells obtained by amniocentesis or fetal blood obtained by percutaneous umbilical blood sampling when the karyotype is needed more rapidly.
The spectrum of clinical findings cannot be predicted from the fetal karyotype alone, even in nonmosaic 45,X Turner syndrome. The variability may be increased by mosaicism, which is often not detected in the fetal chromosome analysis. A diagnosis of Turner syndrome made solely by fetal karyotyping should be followed up with careful ultrasonography to define the phenotypic abnormalities as accurately as possible.
Most instances of mosaicism of 45,X and 46,XY diagnosed prenatally have been associated with phenotypically healthy male newborn infants, although the possibility of some clinical abnormality later in life cannot be excluded. If a 45,X or 46,XY fetal karyotype is found, ultrasonographic examination is helpful in diagnosing normal-appearing male genitalia. Determination of amniotic fluid follicle-stimulating hormone (FSH) and testosterone concentrations also may be helpful in confirming the male phenotype. 60 
ANTICIPATORY GUIDANCE
The pediatrician should discuss the diagnosis of Turner syndrome, the phenotype, and the variability of the phenotype. Both parents should be present if possible. They need to know that short stature and infertility are likely, mental retardation is unlikely, some congenital anomalies may be present (Table 1) , and some learning difficulties are expected for most but not all individuals. Discuss the treatments and interventions available, such as growth-enhancing therapy and sex hormone replacement, and emphasize that with medical supervision and psychosocial counseling and support, girls with Turner syndrome may lead healthy, satisfying lives. In cases of early prenatal diagnosis, however, some parents may decide to terminate the pregnancy.
Most often, Turner syndrome is a sporadic event, and the risk of recurrence is not increased for subsequent pregnancies. There may be some rare exceptions, however, such as inheritance of a structural X anomaly and inherited mosaicism. 61 52 Repeat the examination several times during early infancy. 3. Review results of the newborn hearing screening. 4. Obtain an initial consultation with a cardiologist with experience in pediatric cardiology for all persons with Turner syndrome. This includes patients who had "normal" results on prenatal ultrasonographic examination, because bicuspid aortic valve or coarctation could have been missed. 5. Check blood pressure and peripheral pulses during each physical examination. A careful comparison of arm and leg systolic pressure is important to evaluate for possible coarctation. 6. Perform a renal ultrasound (or repeat the ultrasound if it was done prenatally). If the patient is found to have an abnormality of the urinary tract, continue monitoring for urinary tract infections and renal function. 7. Distinguish the anomalies having major implications on the medical treatment (eg, cardiac and renal anomalies) from those of primarily cosmetic and psychologic importance. 8. Inform the family that lymphedema may persist for months or longer and may recur. 9. Discuss the possibility of feeding problems.
Some infants with Turner syndrome have inefficient sucking and swallowing reflexes because of impaired oral motor function. 64 
Obtain an initial consultation with a pediatric
endocrinologist to discuss the current status of endocrine therapy for growth and for the development of secondary sex characteristics. Indicate that infertility is almost always present, although assisted reproduction techniques may enable infertile women with Turner syndrome to have children. 65 11. Discuss subacute bacterial endocarditis prophylaxis if a cardiac anomaly is present. 12. Talk about how and what to tell other family members and friends.
HEALTH SUPERVISION FROM 1 MONTH TO 1 YEAR OF AGE: INFANCY
1. Assess the infant's weight, taking into account that many infants with congenital lymphedema lose weight during the first month of life because of diuresis. 2. Check blood pressure and peripheral pulses during each physical examination. A careful comparison of arm and leg systolic pressure is important to evaluate for possible coarctation. 3. Perform an ophthalmologic evaluation. Nonalternating strabismus may be present. Refer the infant to an ophthalmologist as soon as strabismus is suspected. 4. On every visit, check for serous otitis and otitis media and evaluate the child's hearing (objectively at 6 and 12 months of age and before 4 months of age if newborn screening was not 1. Follow the child's growth and have her evaluated by a pediatric endocrinologist if growth failure occurs. The age at which GH therapy is initiated varies but can be considered at as early as 2 to 3 years of age for girls who are below the fifth percentile for height in the growth chart for healthy girls of the same age. Early initiation of GH therapy may allow for greater gain and normalization of the timing of puberty. Plot growth on the Turner syndrome-specific growth curve starting at 2 years of age (Fig 1) . 2. Evaluate the child's speech and refer the child to a speech therapist when appropriate. Consider hearing loss as a possible cause of speech delay. 3. If a cardiac anomaly is present, have the patient followed up as recommended by her cardiologist. 4. Check blood pressure and peripheral pulses during each physical examination. A careful comparison of arm and leg systolic pressure is important to evaluate for possible coarctation. 5. Evaluate the child's hearing and check for serous otitis and otitis media during every visit. 6. Continue to evaluate the child's renal status (urinalysis and culture, as indicated) if a renal anomaly is present. 7. Test for thyroid function by measuring thyroidstimulating hormone and free or total thyroxine levels at 1-to 2-year intervals because of the increased frequency of hypothyroidism usually caused by autoimmune thyroiditis. In the absence of clinical signs, initiation of thyroid function testing may be delayed until after 4 years of age or later, because hypothyroidism is rare before then. 47 13. Counsel the family regarding the importance of optimizing bone density, and advise that the patient receive the recommended daily requirements for Vitamin D and calcium through diet or supplementation. 
